Corticosteroids appear in urine in free form and as conjugates. Most methods of assay of urinary corticoids involve acidification to pH 1 prior to extraction (1); increased yields thus obtained may be attributable to hydrolysis of steroid sulfates (2) since glucuronides are resistant to hydrolysis at pH 1 and room temperature. Treatment of urine with glucuronidase causes a further large increase in yield of both reducing (3) and formaldehydogenic (4, 5) corticoids because of hydrolysis of corticoid glucuronides. Measurement of urinary formaldehydogenic corticoids after enzymic hydrolysis should include all or nearly all the urinary content of C-21 steroids carrying a-ketol or a-glycol side chains.
Corticosteroids appear in urine in free form and as conjugates. Most methods of assay of urinary corticoids involve acidification to pH 1 prior to extraction (1) ; increased yields thus obtained may be attributable to hydrolysis of steroid sulfates (2) since glucuronides are resistant to hydrolysis at pH 1 and room temperature. Treatment of urine with glucuronidase causes a further large increase in yield of both reducing (3) and formaldehydogenic (4, 5) corticoids because of hydrolysis of corticoid glucuronides. Measurement of urinary formaldehydogenic corticoids after enzymic hydrolysis should include all or nearly all the urinary content of C-21 steroids carrying a-ketol or a-glycol side chains.
Conditions of hydrolysis of urinary corticoid glucuronides have therefore been examined and procedures developed and applied to the assay of urines of normal subjects, of patients with essential hypertension, and of patients with diseases which affect the function of the adrenal glands. The two procedures used are similar in principle; they vary in detail and were developed and used independently; specimens were exchanged between the two laboratories and analyzed by both methods.
CONDITIONS OF HYDROLYSIS
Orienting experiments indicated that, using calf spleen /8-glucuronidase (Viobin), maximal yields of formaldehydogenic corticoid (FC) were usually obtained after 48 hours' incubation at 370 C of a mixture of urine, buffer and enzyme to which chloroform was added as a preservative. enhance yields. In most of these experiments, the concentration of enzyme was 150 Fishman units per cubic centimeter of urine. The increments of FC with time did not exhibit the logarithmic progression characteristic of the action of the enzyme on a pure substrate (6) , probably because of differences in rates of hydrolysis of the several corticoid glucuronide substrates which were ultimately measured together as FC.
The relatively slow release of FC in urine from glucuronide combination contrasts with the rapidity of the enzyme's action on pure steroid glucuronide substrates (7) and suggested to us that an enzyme inhibitor might be present in urine. After 1 hour, yields of phenolphthalein from incubation of phenolphthalein glucuronide, enzyme and urine were 40 to 70 per cent of those found in incubations of enzyme and substrate in water; the inhibition of the enzyme by the urine was roughly proportional to urinary specific gravity. It Table I . scale, 14 of 21 samples (excluding Nos. 14 and 16) agree completely. The desirability of duplicate rather than single analyses is suggested by the fact that in 4 instances of wide variation, single analyses were done by each procedure and in 2, by Procedure 1, with duplicates available by Procedure 2. In 2 instances (samples 14 and 16) in which the potential errors of Procedure 2 were not calculated, the absolute differences in TFC yields are relatively small-respectively, 4. (13) hydrolysis; enzymatic yields of RC increase only "3 to 5 times" and with acid "4 to 5 times"; enzymatic hydrolysis in our hands increased yields of FC about 17-fold (range 5 to 70) and, in the hands of Cox and Marrian (5) "about 10 times." Thus, it seems that increments of FC on hydrolysis are greater than those of RC; the discrepancy can be explained if it is assumed that much of the urinary corticoid glucuronide is excreted with an a-glycol rather than an a-ketol side chain.
The chemical properties of the FC fraction of urine correspond to those of adrenal corticosteroids or metabolites thereof; it may be provisionally assumed that the bulk of this material is of adrenal cortical origin and that the amounts of TFC found in urine represent some fraction of the hormonal output of the adrenal gland. Actually, the mean level of TFC output in the urine of normal subjects corresponds roughly to the minimal maintenance requirement of cortisone in adrenalectomized human beings (14) ; the lability of TFC output in normal subjects exposed to (17) that most of the formaldehydogenic material freed by /8-glucuronidase could not be recovered in the C2103, C2104, and C2,O5 steroids separated by paper chromatography whereas these fractions of FFC gave titers comparable to the material applied to the paper. These results imply that the formaldehydogenic material extracted at pH 5 and also at pH 1 is steroid in nature but that most of that freed by enzymic hydrolysis is not steroid in nature. If that is true, then there would be no reason to expect correlation of the amount of this fraction with adrenal function. On the other hand, Cohen (7) has summarized evidence which lends support to the belief that the formaldehydogenic substances released by glucuronidase hydrolysis are indeed corticosteroids.
Also, the amount of tetrahydrocortisone isolated by Baggett, Glick and Kinsella (18) after enzymic hydrolysis accounts for a fair proportion of TFC.
At the present time these conflicting bits of evidence cannot be reconciled. In our opinion, the weight of evidence favors the view that urinary TFC is related to the adrenal cortex.
Essential hypertension. Levels of TFC are not increased in essential hypertension; indeed, the mean output in male patients is lower than that found in the normotensive males by Procedure 1, possibly because most of the patients were under the uniform and restful conditions of a stay in the hospital. In contrast, levels of FFC were frequently increased in both male and female patients; this may result either from some defect in corticoid conjugation or from intrarenal or intraurinary hydrolysis of preformed corticoid glucuronide. The presence of f?-glucuronidase in renal epithelium, the potentiation of its activity by serum albumin (19) , and the association of hypertensive renal disease with albuminuria and desquamation of renal epithelium argue in favor of the latter possibility.
Adrenal cortical disease and dysfunction. Levels in 3 patients with untreated Addison's disease are consistent with the concept that TFC accounts for a large proportion of the daily hormonal output of the adrenal cortex. The levels found in Cushing's syndrome do not accord too well with this view, since they are only exceptionally increased above the normal range. However, it may be significant that the mean value of TFC in 8 cases (Procedure 2) was increased 45 per cent over the mean of the normal values. Exception--ally, in 1 of the cases of Cushing's syndrome studied by Procedure 1, there was hypercorticoiduria both free and combined. The paradox of manifest hypercorticoidism without hypercorticoiduria, like that of hypocorticoidism without hypocorticoiduria, may depend on the metabolism of hormonal steroids. Thus, it may be that the diseased mesenchymal tissues of most patients with Cushing's syndrome "utilize" and degrade disproportionately the side chain of the excess steroid.
TFC output and urine volume. Since a large proportion of urinary 17-ketosteroids, like corticoid, is excreted as a glucuronide (20, 21, 22) and since it has been suggested that this excretion varies in part as a function of urine volume, TFC outputs obtained by Procedure 1 were examined for this association. Some association may be demonstrable in urines from normal subjects (r = + 0.43, standard error ± 0.17); in hypertensive males, the respective values were + 0.43, ± 0.15 and in hypertensive females + 0.19, ± 0.18. Thus, the degree of association is not great. It may be methodological and due to the multiplication of small positive errors in analyses or urines of large volume. 2. Low total FC (TFC) outputs were observed in 3 patients with untreated Addison's disease; normal outputs observed in some patients may depend on persistence of partial, albeit inadequate, cortical function. By Procedure 2, TFC outputs in 7 of 8 patients with Cushing's syndrome did not exceed the normal range, although the mean of the group was greater than the normal mean. In 1 of this group and in 2 of 3 analyzed by Procedure 1, TFC outputs were abnormally high.
3. Since outputs of TFC are within the normal range in hospitalized patients with severe essential hypertension, the increases in "free" FC sometimes observed in these patients are attributable to decreases in the proportion of FC excreted as glucuronide.
4. Independent analyses by each procedure were commonly in good agreement; the disparities sometimes found established the desirability of duplicate analyses.
